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AB5TEACT
A vaccine from broth cultures of one strain of
Trichophyton mentagrophytes was prepared em-
ploying techniques designed to minimize de-
struction of antigenie material. This material was
incorporated into a salve base and rubbed into
the sides of guinea pigs. After the immunization
period, the animals were challenged with a stand-
ardized superficial infection using the homologous
strain of fungus.
All of the treated animals developed a hyper-
sensitivity reaction to the vaccine, indicating that
it did contain antigenic material. These im-
munized guinea pigs showed a very marked re-
sistance to infection as compared to the control
animals, but there was no complete immunity.
This resistance to infection persisted for at least
thirty days.
In the past many investigators have attempted
to immunize animals against infection by fungi
of the dermatophyte group. The literature on this
subject has been reviewed by DeLamater and
Benham (4, 5). With the guinea pig as the experi-
mental animal, the primary infection runs a
rather uniform course. After inoculation, infec-
tion first becomes evident in four to six days as a
beginning lesion which develops and spreads to
attain a climax before the end of the second week.
At this time the lesion begins to undergo in-
volution and finally heals spontaneously during
the succeeding one to two weeks. The entire
sequence in a primary infection may take three to
four weeks.
During the course of this infection the animal
has changed in two respects. It has developed a
delayed hypersensitivity to the fungus and an
increased resistance against reinfection with the
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fungus. The onset of hypersensitivity and the
beginning of resistance to reinfection are soon
followed by the involution of the primary lesion,
and the hypersensitivity and the resistance to re-
infection persist after the disappearance of the
primary disease. The time at which various stages
in this cycle appear, the severity of the lesion, the
degree of hypersensitivity, and the relative re-
sistance against reinfection all vary to some ex-
tent with the animal being studied and with the
strain of fungus used. One other general result
has been noted. The delayed hypersensitivity and
the resistance to reinfection are not species
specific, but rather are evidence of a broad im-
munological relationship which exists among these
dermatophyte fungi.
The early work in this field recorded that the
resistance to reinfection could be induced con-
sistently only following an active cutaneous in-
fection (1, 10, 17), while the hypersensitivity
might develop not only during the course of such
an infection but also following the introduction of
live fungus by routes other than the cutaneous or
after injection of dead fungus or material ex-
tracted from the fungus (1). Later investigations
along these lines have shown that a state of rela-
tive immunity can be induced by teehnies other
than active cutaneous disease. Martenstein (11,
12) removed epithelial cells from a guinea pig
suffering with mouse favus, washed the scales
with saline, and then ground them in a mortar.
This was combined with a fungous mat from a
culture of Achorion quinclceanum which had been
washed and ground in a mortar similarly. The
mixed suspension was incubated at 37 C for 24
hours. After filtration, the supernatant produced
an inflammatory infiltration in the skin of normal
animals following intradermal injection, whereas
either normal skin scrapings or fungous suspen-
sion prepared in the same manner, but separately,
produced no more than a slight reaction. When
serum from an infected animal was substituted
for the skin scrapings in the mixture, a strong
reaction was obtained. Repeated intradermal in-
jections of either of these mixtures produced a
steadily increasing partial immunity in the animal
without its ever passing through an active in-
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fection. Jessner and Hoffman (7, 8) attempted to
immunize guinea pigs by subcutaneous injection
of antigens mixed with agar and bouillon. One
group of 31 animals received viable spores of
Trichophyton gypseum as the antigen and a
second group of 15 animals were inoculated with
dead spores. Three animals of the former group
were completely resistant to reinfection with the
same fungus and the majority of the remaining
animals of both groups showed a modified re-
action consistent with an interpretation of a
partial immunity. Sutter (15, 16) found that rub-
bing killed cultures of Achorion quinciceanum into
the skin in man produced an immunity in the
local area. He was able to demonstrate also that
the skin hypersensitivity which developed de-
creased in degree with increasing distance from
the local site of the treatment.
It would seem then that the evidence from
these earlier investigations indicates that there is
a possibility of stimulating an increased resistance
to fungous infection in man without passing
through an infective stage of the disease. The evi-
dence also indicates that absorption of these
fungous antigens from the superficial tissues
might be an effective way to bring about this
stimulation, and that the antigens extracted from
the fungus should approximate their native state
in order to reproduce as nearly as possible the
natural course of antigenie stimulation which
occurs during active disease. The work reported
herein is concerned with the topical application of
antigen and not with administration by parenteral
technics.
METHODS
A. Strain of Fungus Used
The culture used for the preparation of the anti-
genie material and for the production of experi-
mental infections was a strain of Trichophyton
mentagrophytes obtained from Duke University
School of Medicine (Stock Culture * 594). Before
a new hatch of fungous growth was initiated, a
guinea pig was infected and the fungus was iso-
lated from the lesions. This isolated culture was
used as the source of inoeulum for the subsequent
batch.
B. Preparation of Antigenic Material
For the preparation of the antigenie material
the fungus was grown on the semi-synthetic liquid
medium described by Keeney and Eriksen (9).
The broth was dispensed in 100 ml quantities in
one liter Roux culture bottles and sterilized in the
autoclave at 15 lb pressure for 15 minutes. It was
found necessary to adjust the pH to 6.5 before
sterilization since heating produced an undesirable
sediment in the broth at a more alkaline reaction.
The media was seeded with small squares of fun-
gous growth cut out from a 10-day old culture on
Sabouraud's maltose agar in a petri dish. The
liquid cultures were incubated in a room with
diffuse lighting and in which the temperature
varied between 20—24 C for a period of four to six
weeks. At this time a solid mat had formed cover-
ing the entire surface of the broth.
Aseptic precautions were maintained through-
out the remaining steps in the preparation of the
antigenie material. At the end of each step, aliquot
samples were seeded on Sabouraud's maltose agar,
thioglycollate broth, and heart infusion agar, and
incubated at both room temperature and 37 C as a
check on the viability and purity of the material.
The fungous growth and the culture broth were
transferred together to aluminum Waring
Blendors which had been adapted so as to maintain
a temperature of less than 5° C throughout a con-
tinuous operating period of at least 15 hours. An
aluminum jacket was welded to the outside of
each of these homogenizers with a distance of one
inch between blender wall and jacket. Cork insula-
tion was cemented to the outside of the jacket and
two threaded holes were tapped into the jacket
wall, one at a low level and one at a high level.
Into these were fitted two peteoeks, the lower one
to serve as the inlet valve and the upper one as the
outlet valve. The top of the blender was threaded
to take a screw-on aluminum cap with a rubber
gasket to permit an airtight seal. This modified
Waring Blendor was sterilized in the autoclave.
After the blenders were charged with approxi-
mately 700 ml of the fungous and broth mixture,
they were placed on the standard electric driving
motor supplied with the blender. For convenience
these were mounted in a specially constructed box
designed to reduce the sound of operation. The box
was equipped with forced air circulation to help
cool the motors. The inlet and outlet valves of the
blenders were connected to separate manifolds
with rubber tubing, and these manifolds in turn
This broth was constituted as follows:
K211P04
NaCI
MgSO47 1120
Ferrie citrate
Casamino Acids (Difeo)
Glucose
Distilled 1120 q.s
0.75 gm
1.00 gm
1.50 gm
0.02 gm
5.00 gm
10.00 gm
1000.00 ml
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were jointed to a tank containing a reservoir of
ten gallons of a mixture of 30% propylene glyeol
in water. In addition, the tank contained approxi-
mately 50 feet of coiled copper tubing which was
connected to a refrigeration unit mounted on a
frame alongside of the tank. The cooling unit was
capable of maintaining the temperature of the
fluid inside the tank at —10 C. By means of a
pump this cooling mixture was forced up into one
of the manifolds, through separate valves into the
hosing connected to the inlet petcock, through the
jacket from bottom to top, out through the pet-
cock at the upper level to the second manifold,
and thence back to the tank where it mixed with
the reservoir of solution and was cooled again by
the refrigeration coils. This cycle was maintained
continuously while the blender was in operation.
In this manner it was possible to homogenize
material in four such blenders simultaneously
while maintaining a temperature inside the
blenders of less than 5 C over a period of 18 hours.
Aliquot samples, removed at various times after
initiating the homogenization, revealed that
10—15 hours were required to suspend the fungus
in the broth in fragments containing not more than
three cells. As will be brought out later these long
periods of homogenization were necessary to the
successful preparation of the antigenie material.
Blenders which had not been modified as described
will generate temperatures of 50 C or more in a
relatively short time, and, therefore, it was neces-
sary to employ the cooling apparatus.
The homogenized fungous suspension was lyo-
philized to dryness and the dry material was trans-
ferred to an Abbe ball mill containing flint stones.
The drying process was continued by placing the
ball mill in a desiccator and mnintaining a vacuum
for a 24 hour period. The ball mill was then re-
moved to a cold room at 5 C and, after allowing
30 minutes for the mill and its contents to come
into equilibrium with the temperature of the
room, the motor rotating the mill was started.
The grinding process was continued for 24 hours.
At the end of this time all cultures proved nega-
tive and microscopic examination revealed no
discernible intact cellular elements. The contents
of the ball mill were washed out with water; the
pH of the resultant suspension was adjusted to
7.0; and the material was again lyophilized to
dryness. The final dry powder was stored in a
desiccator under a vacuum. This material was
used as the antigen without any further treat-
ment. Fresh batches were prepared continuously
and at no time was any material older than three
months used, although no tests have been con-
ducted as yet to determine the duration of the
potency of the material.
C. Treatment of Animals
A total of 88 guinea pigs were used for the
experimental animal work. The animals were
albinos of 400—500 grams weight and of both sexes,
although males and females were kept in separate
cages. The diet of the animals consisted of water,
Ace-Hi Special Rabbit Pellets, and oranges daily.
With rare exceptions only, all animals gained
weight and remained in apparent good health
throughout the experiments. The guinea pigs
were divided at random into a control group and
a treated group of equal numbers. The latter
group were treated with a salve of the antigenie
material suspended in carbowax 1500; the former
group were treated with the earbowax 1500 alone.
The treatment consisted of shaving the right side
of each animal daily and massaging a small quan-
tity of the appropriate salve into the shaven area
for 30 seconds. All animals were so treated for at
least 6 weeks.
D. Infection of Animals
After the treatment period half the animals in
each of the two groups were infected experimen-
tally, and the remaining animals were held for one
month without further treatment and then in-
fected. The infective material were prepared from
a six-weeks old broth culture of the fungus in the
following manner.
The growth was homogenized for 15 hours at
5 C, and the resultant suspension was centrifuged
and washed three times with 0.9% aqueous NaCI.
All superuatants were discarded. The washed cells
were suspended in a 1% by volume concentration
in 1% sterile melted agar which had been cooled
to 500 C. Ten milliliters of this suspension were
poured intn a Petri dish and allowed to harden.
Cylindrical plugs were cut out of this suspension
of cells in agar with a #3 cork borer and used for
infecting the animals. In preparing the guinea
pigs for infection, the right side of each animal
was shaven. This shaven area was depilated by
applying a paste of 20% barium sulfide in flour and
water for two minutes. The paste was scraped off
with the blunt edge of a knife and the area wiped
clean with a pledget of cotton soaked in a 2%
aqueous solution of acetic acid. After drying the
area, another pledget of cotton soaked in a 2%
aqueous sodium carbonate solution was strapped
over the shaven and depilated skin area for 10—15
minutes, at which time it was removed, the ani-
mal's side was washed in warm running water and
then dried thoroughly. Immediately following
this, one of the cylindrical plugs of cells suspended
in agar was placed on the prepared site and rubbed
into a limited area by a twisting motion of the
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thumb. The animals were returned to their cages
with no further treatment. The development of
the infection was observed for a period of three
weeks and was studied with respect to the appear-
ance of erythema, scaling, spreading, granulation
and sloughing. The degree of infection was graded
one to four plus as compared with lesions on the
control animals. Infections of the control animals
were quite uniform, and the more severe were con-
sidered as a four plus degree of infection. Slides
and cultures were taken during the tenth to four-
teenth days.
EESULTS
A. Preparation of Antigenic Material
Initially, before the blenders were modified for
operating at cold temperatures, the fungous mats
were homogenized for short periods of time, dried,
and ground in the ball mill. In such preparations,
however, all the fungous cells could not be killed
even after grinding for as long as 48 hours. Since
microscopic examination of suspensions which
had been blended for only short periods revealed
many clumps of matted hyphae, it was felt that
the outer layers of these balls of cells acted as a
cushion protecting the inner cells from the grind-
ing action of the pebbles, and that the difficulty
could be overcome only by breaking up these
clumps of cells prior to subjecting them to the
grinding process. For this reason the blenders
were modified so that the fungous mats could be
broken down into essentially single cell suspen-
sions. Typical results obtained after homogenizing
for various periods of time and grinding for 24
hours are recorded in Table I.
B. Treatment and Infection of Guinea Pigs
Initially 88 animals were divided into Control
and Treated groups of equal numbers. During
the experiment 5 animals died; 3 in the Control
group and 2 in the Treated group. The causes
of death were not determined.
Treatment of the animals was initiated with
a salve containing 5% of the antigenie material.
On the eighth day many of the animals in the
Treated group showed a spotty diffuse erythema
throughout the treated area, and by the tenth
day all animals of this group exhibited the same
signs, those having developed it earlier appearing
much worse. Treatment was stopped and slides
and cultures were made from the affected areas
of all animals. None of the Control animals de-
veloped these signs. By the fourteenth day the
erythema was markedly reduced but had been
TABLE I
Viability of fun gous suspension after homogeni-
zation for varying periods of time and
grinding for 24 hours in a ball mill
Sam-
pie
Time iu
Blender
Culture
after
Hnmng-
enizieg
Microscopic Appearance
after Blending
Culture
after
Grind-
lug
1
2
3
4
5
6
7
S
9
2 mm
10 mm
30 mm
1 hr
3 hr
6 hr
10 hr
15 hr
18 hr
+
+
+
+
+
+
+
+
+
Matted mycelium
Matted myeelium
Matted myeelium
Clumps of hyphac
Clumps of hyphae
Clumps of hyphae
Short strands of
hyphae
Single cells
Single cells
+
+
+
+
+
+
—
—
—
replaced by sealing. This too had cleared by the
seventeenth day. The slides and cultures ulti-
mately proved to be negative. On the twenty-
first day treatment was reinstituted on both the
Control and Treated groups, using a 5% salve
again on the latter animals. By the twenty-fourth
day the Treated animals again showed signs of
an inflammatory reaction. Treatment was
stopped and all animals were clear again by the
thirty-fifth day. Treatment was commenced
again but this time the salve for the Treated
group contained only 1% of the antigenie ma-
terial. By the thirty-ninth day twenty-one guinea
pigs showed signs of an inflammation reaction.
As these appeared the animals were marked and
treatment on them was stopped while it was con-
tinued on the remainder of the animals in the
group. After the inflammatory reactions had
healed, the animals were treated again using a
salve containing 0.5% of the antigenie material.
This procedure was repeated with any animals
of this group which developed an inflammatory
reaction, again reducing the concentration of
antigen in the salve by one-half. After the Treated
group animals had tolerated a reduced concentra-
tion of salve for two weeks, the concentration was
increased. At no time were any of the animals
treated with a concentration higher than 5%.
The results of the treatment are summarized in
Table II. At the end of the treatment period 22
animals were tolerating a 5% salve, 15 a 1%
salve, and 6 a 0.5% salve.
Approximately bali of each group of animals
were infected experimentally immediately after
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the treatment period was terminated. The re-
maining animals were not treated any further and
were infected experimentally one month later.
The results are recorded in Tables III, IV and V.
There were no significant differences between
males and females.
The results in Table III indicate that there
was a distinct difference in the degree of infection
when the Treated group animals were compared
with the Control group. Almost all of the latter
group had extensive spreading lesions, frequently
with the formation of granulation tissue and
sloughing. The Treated group animals, on the
other hand, developed only circumscribed areas
of inflammation. Of all the animals infected im-
mediately after cessation of treatment, only one
was negative by slide and culture, and this animal
was in the Treated group.
The results on animals challenged one month
after treatment was stopped were similar but not
identical (Table IV). Several of the treated guinea
pigs developed lesions comparable to the less
severe infections among the Control group
TABLE II
Development of delayed hypersensitivity reaction in
guinea pigs treated with varying concentrations
of antigen
Cone. of antigen in salve
No. of animals developing hyper-
sensitive reactson
Males Females
5%
1%
0.5%
0.25%
17
6
2
1
26
15
4
2
TABLE III
Results of experimental infection in guinea pigs
challenged immediately after treatment
Group
Cone, of
salve
tolerated
Number of animals and degree of
infection
.
++++ +++ ++ + -
Control
Treated*
(No re-
ae -
tion)
5%
1%
17
0
0
4
0
0
0
7
1
0
5
6
0
0
1
* One of tbe guinea pigs tolerating the 5% con-
centration died shortly after being infected and
has not been counted.
TABLE IV
Results of experimental infection in guinea pigs
challenged one month after treatment
Group
Cone. of
oalve
toerated
Number of animals and degree of
infection
++++ +++ ++ + -
Control (No re-
ac -
tion)
11 7 2 0 0
Treated 5%
1%
0.5%
0
0
0
3
3
0
1
2
1
5
1
3
0
1
2
TABLE V
Combined results of experimental infections in
guinea pigs including animals challenged im-
mediately and at one month after treatment
Group
Number of animals and degree of infection
++++ +++
Control 28 11 2 0 0
Treated 0 6 12 20 4
animals, but the difference between the two
groups as a whole was still striking. In this in-
stance three of the treated animals were negative
by slide and culture.
When all results were combined (Table V), the
increased resistance to experimental infection
of the Treated group animals as compared with
the Control group was quite apparent.
D55CU5510N
The investigations reported here were under-
taken with the purpose of determining whether
or not it would be possible to produce a state of
relative resistance to infection by a fungus of
the dermatophyte group by treating topically
with a non-viable preparation of this fungus to
avoid an active infection. Since it has not been
proven whether the antigen (or antigens) re-
sponsible for the increased resistance observed
following an active infection is present in the
fungous cells or is secreted by them into the
environment or may be found in botb, it was con-
tended that the preparation should contain
material from both the cells and the culture
broth. In addition, these substances were to be
treated in as mild a manner as possible consistent
with destruction of the living fungus and extrae-
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tion of natural antigens. The results of these
experiments would seem to indicate that the
method of preparation of the immunizing material
was successful in extracting antigenic substances
and that treatment with this material was capable
of inducing an increased resistance to infection
by the homologous fungus.
The technic employed for preparing the anti-
gens should be capable of general usc. The
unusual feature of this method has been the
complete sterilization of the dried fungous sus-
pension by grinding in a ball mill. For this end
it is absolutely essential that the fungus first be
broken up into fragments of hyphac not more
than a few cells in length. Although this was
accomplished in this case by using a modified
Waring Blendor, the same result might be ob-
tained by growing the fungus in a vigorously
aerated broth culture, or by growing the fungus
in the yeast phase where this is possible. With
fungi capable of infecting by the respiratory
route, extreme precautions should be taken in
handling the dried material as this powder is of
such a fine nature as to be readily dispersed as a
cloud of dust which may be infectious or capable
of inducing severe reactions in individuals who
may be hypersensitive. The final dried sterile
powder should be an ideal starting material for
the preparation of antigenic fractions by various
methods. Initial work along these lines with the
manufacture of allergens from saprophytic air-
borne molds have been most promising. Such
preparations should be of value also for obtaining
potent skin testing material from the pathogenic
fungi or for extracting antigens suitable for
serologic studies.
The success of the antigenic material used in
this study in inducing a state of relative resistance
to infection by the homologous fungus can be
seen in Tables III, IV, and V. Of the animals in
the Control group, 95% developed rather severe
lesions when exposed to infection, whereas only
14% of the Treated animals developed lesions
of comparable severity and all of these were in
the group which was exposed to the infection
one month after the end of the treatment period.
Such results would indicate that it is possible to
induce a state of increased resistance to this type
of superficial fungous infection by the local ap-
plication of antigens extracted from the fungus,
and, furthermore, this relative immunity is still
present in only slightly less degree one month
after immunization.
It would be interesting to speculate on the
role that delayed hypersensitivity plays in the
development of this immunity. Certainly the
changed sensitivity becomes apparent at the same
time as the immune response, and yet the de-
gree of hypersensitivity, as evidenced by the
sensitivity to the different concentrations of the
antigenic material, does not appear to be related
to the immunity, since there was no significant
difference in relative resistance between the
animals when grouped according to the concen-
tration of antigen to which each was sensitive.
This might lead one to suspect that hypersensi-
tivity alone is not the explanation for the partial
immunity even though the two states develop
in parallel. It must be kept in mind, however,
that the preparation used is most probably a
mixture of antigens, and, as yet, there is no evi-
dence as to which, if any, of these antigens are
responsible for the pathogenic capacity of the
fungus.
The development of partial immunity follow-
ing local superficial application of antigenic
material is also of interest. This may be more
apparent than real, however, since it is quite
possible that the antigens may be absorbed gen-
erally first before the mechanism of resistance
can be stimulated, and that local applications
represent merely a method of slow absorption of
antigen. It would be of interest to determine
whether the partial immunity developed follow-
ing this method of exposure to antigen is of a
local character or of a more general nature. In
this respect it can be noted that it has been
possible to demonstrate that antibodies appear
locally in lymph nodes draining the site of antigen
deposition before becoming evident in other
areas (2, 3, 6, 13, 14). In these instances the
antibody eventually appeared in the blood, but
in the work reported here the authors can offer no
evidence either for or against the presence of
antibodies in sites other than that where the
antigen was applied. The question as to whether
or not antibody can be formed in dermal tissues
is not an issue here. The point taken is that the
treatment with an antigenic material, as described
herein, induces a change in the superficial tissues
of an animal, and that this change can be demon-
strated as an increased resistance against infec-
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tion by the fungus from which the antigenic
material was prepared.
SUMMARY
A method is described for preparing sterile
antigenic material from one of the dermatophyte
fungi. The principle underlying the selection of
this method was to use a procedure consistent
with destroying the fungus but yet extracting
antigens in as nearly their native state as possible.
This technic for preparing antigens should have
general applications.
Treatment of guinea pigs with this antigcnic
material by topical applications induced the
development of hypersensitivity and an increased
resistance to infection with the homologous
fungus.
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